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THE ASSOCIATION BETWEEN REDUCED KNEE JOINT PROPRIOCEPTION
AND MEDIAL MENISCUS ABNORMALITIES USING MRI IN KNEE
OSTEOARTHRITIS: RESULTS FROM THE AMSTERDAM OSTEOARTHRITIS
COHORT
M. van der Esch, Sr. y, J. Knoop, Jr. y, D. Hunter, Sr. z, J. Dekker,
Sr. x. yAmsterdam Rehabilitation Research Centre Reade, Amsterdam,
Netherlands; zUniv. of Sydney, Sydney, Australia; xVU Univ. Med. Ctr.,
Amsterdam, Netherlands
Purpose:
Background. Osteoarthritis (OA) of the knee is characterized by pain
and activity limitations. In knee OA, proprioceptive accuracy is reduced
and might be associated with pain and activity limitations. Although
causes of reduced proprioceptive accuracy are divergent, medial
meniscal abnormalities, which are highly prevalent in knee OA, have
been suggested to play an important role. No study has focussed on the
association between proprioceptive accuracy and meniscal abnormali-
ties in knee OA.
Objective. To explore the association between reduced proprioceptive
accuracy andmedial meniscal abnormalities in a clinical sample of knee
OA subjects.
Methods: Cross-sectional study in 105 subjects with knee OA. Knee
proprioceptive accuracy was assessed by determining the joint motion
detection threshold in the knee extension direction. The knee was
imaged with a 3.0 Tesla MR scanner. Number of regions with medial
meniscal abnormalities and the extent of abnormality in the anterior
and posterior horn and body were scored according to the BLOKS
method. Multivariable regression analyses were used to examine
whether reduced proprioceptive accuracy was associated with medial
meniscal abnormalities in knee OA subjects.Results: Mean proprioceptive accuracy was 2.9o  1.9o. MRI-detected
medial meniscal abnormalities were found in the anterior horn (78%),
body (80%) and posterior horn (90%). Reduced proprioceptive accuracy
was associated with both the number of regions with meniscal abnor-
malities (p<.01) and the extent of abnormality (p¼.02). These associa-
tions were not confounded by muscle strength, joint laxity, pain, age,
gender, BMI and duration of knee complaints.
Conclusions: This is the ﬁrst study showing that reduced propriocep-
tive accuracy is associated with medial meniscal abnormalities in knee
osteoarthritis. The study highlights the importance of meniscal abnor-
malities in understanding reduced proprioceptive accuracy in persons
with knee OA.85
LEPTIN SIGNALING AND BODY WEIGHT ARE INDEPENDENT
MEDIATORS OF SPONTANEOUS KNEE OSTEOARTHRITIS IN FEMALE
RATS
J. Hudson, M. West, Y. Fu, T. Grifﬁn. Oklahoma Med. Res. Fndn., Oklahoma
City, OK, USA
Purpose: Obesity is a major risk factor for OA at sites throughout the
body. Leptin, a hormone-like polypeptide primarily secreted by adipo-
cytes, is implicated in obesity-associated OA as a pro-inﬂammatory and
pro-catabolic mediator. However, because leptin is positively associated
with body weight, it is not clear if the association between leptin and
OA is causal or correlated with altered joint loading. Leptin also stim-
ulates pro-anabolic factors; thus, in the absence of inﬂammation, it is
not known if the net effect of leptin is anabolic or catabolic. We
hypothesized that leptin is necessary to induce OA in obese rats but is
not sufﬁcient to induce OA in lean rats.
Methods: Obesity in the absence of leptin signaling was studied by
comparing female Zucker fatty rats, which posses a homozygous
mutation in all three isoforms of the leptin receptor gene, to lean Zucker
(+/?) controls (n¼6 per group). Zucker fatty rats were pair-fed from 2-10
mo of age based on consumption patterns for the lean Zucker controls.
The effect of leptin in the absence of obesity was studied by chronically
stimulating female F344BN rats with recombinant rat leptin systemi-
cally via an osmotic pump (3.6 mg/day) from 6-11 mo of age. Control
animals underwent pump treatment with diluent only (n¼8 per group).
All animals were fed the same 10% fat diet. Serum leptin was measured
by ELISA, and body fat was evaluated by MRI and dissection. We eval-
uated OA pathology by MicroCT and histomorphometry. MicroCT was
used to evaluate tibial subchondral and trabecular bone. Stained coronal
knee sections were graded for cartilage OA severity using a modiﬁed
OARSI scale by two blinded graders. Scores were compared using a 2-
Factor ANOVA (Factors: genotype and site).
Results: Despite pair feeding, Zucker fatty rats still gained considerably
more weight than lean controls (5116 g vs. 2888 g; p<0.01) and had
2.4-fold greater gonadal fat pad mass (p<0.01). There was a signiﬁcant
effect of joint site and a signiﬁcant interaction of site and genotype for
the cartilage OA score, with greater cartilage degeneration in the lateral
tibial plateau of Zucker fatty rats (Fig. 1A). These cartilage changes were
not associated with any genotype effects on the tibial subchondral or
trabecular bone. Leptin treatment in the F344BN rats resulted in a 5.7-
fold increase in serum leptin by the end of the study (11.4  2.9 ng/ml
vs. 2.0  0.2 ng/ml; p<0.01), or about a 3-fold increase when all
timepoints were averaged. Increased serum leptin was associated with
a 10% reduction in food intake but no change in bodyweight or fat mass.
Leptin treatment signiﬁcantly increased cartilage OA scores (Fig. 1B),
and there was no signiﬁcant site or interaction effect. A post-hoc
analysis indicated that the medial tibial plateau was the primary site of
increase cartilage degeneration with leptin treatment.
Conclusions: Contrary to our hypothesis, obesity in the absence of
leptin signaling and elevated systemic leptin in the absence of obesity
were both sufﬁcient to increase spontaneous knee OA. Leptin treatment
induced a more generalized increase in OA throughout the joint,
although the effect was generallymild. In contrast, OA severity was only
increased in the fatty Zucker rats at one location, although it was more
severe, suggesting a more localized effect of obesity in the absence of
leptin. These ﬁndings with Zucker fatty rats differ from our previous
study of obese leptin receptor mutant mice, which were protected from
increased knee OA. In addition to the species difference, Zucker rats in
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suggesting the importance of diet in OA pathology. Future work is
needed to compare the independent effects of leptin and obesity with
or without inﬂammation on the underlying molecular mediators of
cartilage degeneration.
Figure 1. Knee OA scores in leptin receptor mutant Zucker fatty rats (A) and F344BN
rats undergoing chronic systemic leptin treatment (B). Obesity in the absence of leptin
signaling and increased systemic leptin in the absence of obesity were both sufﬁcient
to induce site-speciﬁc increases in spontaneous knee OA (*p<0.05).86
SYNOVIAL WNT AND WISP1 EXPRESSION INDUCES CARTILAGE
DAMAGE BY SKEWING OF TGF-BETA SIGNALING VIA THE
CANONICAL WNT SIGNALING PATHWAY
M. van den Bosch, A. Blom, P. van Lent, H. van Beuningen, F. van de
Loo, E. Blaney Davidson, P. van der Kraan, W. van den Berg. Radboud
Univ. Nijmegen Med. Ctr., NCMLS, Nijmegen, Netherlands
Purpose: Many osteoarthritis (OA) patients show signiﬁcant synovial
involvement. Recently, we found strong upregulation of canonical Wnts
2b and 16 and Wnt-1 induced signaling protein 1 (WISP1), a down-
stream protein, in the synovium in two murine OA models. Wnt
signaling has been implicated in OA through activation of the b-catenin
pathway. In addition, TGF-b signaling is critical in cartilage mainte-
nance. TGF-b signals via both ALK5 and ALK1 and downstreamvia Smad
2/3 and Smad 1/5/8 respectively. In the present study we investigated
the potential of canonical Wnts to skew TGF-b signaling from the
protective Smad 2/3 pathway towards the Smad 1/5/8 pathway, which
can induce chondrocyte hypertrophy.
Methods: Pathway analysis of microarray data from the synovium of
a collagenase-induced OA (CIOA) mouse model was done using DAVID
software. In vivo synovial overexpression of genes from the canonical
Wnt signaling pathway was achieved by intra-articular injection of
adenoviral vectors. Gene expression was analyzed by qPCR after over-
expression ofWnt genes in human chondrocytes. Detection of Smad 2/3
and Smad 1/5/8 phosphorylation was done by Western blot analysis.
Functional TGF-b signaling via ALK5 was measured using the luciferase
reporter construct CAGA-Luc.
Results: Pathway analysis using DAVID, showed that both the Wnt and
TGF-b signaling pathway were enriched in the synovium of mice with
CIOA. Because of their relatively small size, Wnts and WISP1 proteins
can migrate into the cartilage and possibly alter chondrocyte pheno-
type. To determine if synovial overexpression of canonicalWnts leads to
Wnt signaling in the cartilage, we injected adenoviral vectors forWnt8a
and Wnt16 into murine knee joints. These vectors speciﬁcally target
synovial cells, because due to their size they cannot enter the cartilage.
Synovial overexpression of Wnt8a and Wnt16 led to b-catenin accu-
mulation in chondrocytes, a tell-tale sign of canonical Wnt signaling. In
vitro overexpression of canonical Wnts and WISP1 in human chon-
drocytes led to signiﬁcantly increased collagen type X and signiﬁcantly
decreased type II collagen expression, suggesting a loss of chondrocyte
phenotype. Moreover, pre-incubation with Wnt3a and/or WISP1
resulted in decreased TGF-b-induced phosphorylation of Smad 2/3,
whereas phosphorylation of Smad 1/5/8 was increased in both murine
and human chondrocytes. This implies a shift towards dominant TGF-
b signaling via the hypertrophy-inducing ALK1 pathway. On a func-
tional level, pre-incubation with Wnt3a and/or WISP1 led to decreased
CAGA-Luc reporter construct activity, conﬁrming decreased ALK5
signaling. Moreover, the expression of the anti-hypertrophic factor Sox9
was decreased after pre-incubation with Wnt3a and WISP1. In order to
investigate whether Wnt3a skews the TGF-b signaling via the canonicalsignaling pathway, we pre-incubated chondrocytes with Wnt3a and/or
WISP1 in the presence of DKK-1, a selective inhibitor of the canonical
Wnt signaling pathway. Compared to the groups without DKK-1, we
found increased Smad 2/3 phosphorylation and decreased phosphory-
lation of Smad 1/5/8 after Wnt3a stimulation.
Conclusions: Wnts produced in the synovium may play an important
role in OA pathology by changing the chondrocyte phenotype, probably
through modulation of the important TGF-b signaling pathway via the
canonical Wnt signaling pathway. This points towards Wnt/WISP1
expression in the synovium as an interesting target for OA therapy.87
MECHANICAL LOAD-INDUCED BONE REMODELING REQUIRES FSTL3
EXPRESSION
A. Blazek, P. Perera, D. Knapik, L.-C. Wu, A. Litsky, Z. Sun, D.-G. Kim,
B. Lebelebicioglu, S. Agarwal. The Ohio State Univ., Columbus, OH, USA
Purpose: Physical activity is shown to strengthen bone, however, its
molecular mechanisms remain unclear. Here, we identiﬁed a molecule,
FSTL3 (NM_005860), that may drive mechanical load-dependent bone
remodeling.
Methods: IACUC at the Ohio State University approved all protocols.
Female Sprague Dawley rats (12-14 wks, n¼10), wild-type (WT, 10-12
wks, n¼10/group) or homozygous FSTL3-/- C57Bl/6 mice (10-12 wks,
n¼10) were subjected to exercise by treadmill walking at 12 M/min
(rats) or 8 M/min (mice) for 45 min/day. Following 0, 2, 5 or 15 days of
exercise, animals were sacriﬁced and gene expression analyzed by
quantitative real time polymerase chain reaction (qrtPCR), Western
blots, or immunohistochemistry of the trabecular bone/bone marrow at
the distal ends of femurs. Bone mineral apposition rates in wild type or
FSTL3-null mice was assessed by administration of Calcein and Alizarin
complexones on day 3 and 12, during the total exercise period of 15
days. Statistical analysis was performed by one-way ANOVA with
Tukey's post hoc or T-test.
Results: Trabecular bones/bone marrow from exercised healthy mice
for 2 or 5 days were subjected to the gene expression analysis of Fstl3,
Follistatin (Fst), Inhibin-Alpha (Inha), Inhibin-Beta-A (Inhba), and
-Beta-B (Inhbb) that are known to regulate ligands in TGF-b super-
family. The qrtPCR revealed that exercise dramatically stimulated Fstl3
mRNA expression in the trabecular bone and bone marrow cells,
reaching 6 fold increase on day 2 and then declining to basal levels by
day 5. However, there was no signiﬁcant change in the expression of
Inha, Inhba, and Inhbb. The expression of FSTL3 in osteoblasts at the
protein level assessed by immunoﬂuorescence in the sagittal sections of
rat femurs exhibited minimal presence of FSTL3 in the control non-
exercised trabecular bone or cells lining trabecular bones. However,
a robust increase in FSTL3 expressionwas observed in the femurs of rats
subjected to exercise at day 2 and 5, predominantly within and adjacent
to trabecular bones. Osteocalcin used as a positive marker for osteo-
blasts in adjacent sections of the same bones, conﬁrmed the osteo-
blastic phenotype of FSTL3 positive cells lining the bone. Female Fstl3+/+,
Fstl3-/-, and Fstl3+/- mice (12 wks old) subjected to exercise for 15
consecutive days, exhibited signiﬁcantly narrow distance between the
Calcein and Alizarin incorporation and limited bone deposition in all
three groups of non-exercised control mice. Fstl3+/+ and Fstl3+/- mice
when subjected to exercise demonstrated a signiﬁcant increase in bone
deposition on the endosteal surface of the posterior side of the femur
together with increase in the total MAR (Fig 1). Strikingly, such exercise-
induced bone formation and hence increase in MARwas not observed in
Fstl3-/-mice. The representative stress-strain curves of the cortical bone
of the WT and Fstl3 -/- femurs under three point bending test revealed
that strain at ultimate strength of femurs from WT mice was approxi-
mately 25% greater than that of Fstl3 -/- mice. Furthermore, the yield
strain and yield energy were signiﬁcantly upregulated by exercise inWT,
but not in Fstl3-/- mice. Another evidence of FSTL3 in bone formation
was more rounded shape and uniform deposition of calcein and alizarin
complexone at the periosteal as well as endosteal surfaces of the femur
in the Fstl3-/- mice.
Conclusions: The identiﬁcation of FSTL3 as a mechanoresponsive
protein may provide a new paradigm for investigating exercise-driven
bone formation and a marker to monitor the effects of exercise on bone
in health and in a wide spectrum of diseases. We further anticipate that
FSTL3 may serve as a target to develop therapeutic drugs for treating
bone diseases.
